|

?NUM.I?? RICAL SOLUTION OF THE POLYNOMIAL

i

1

|
|

|

Al

ALGORITIIM 30

EQUATION

K. W. HLLENBERGER
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California

ROOTPOL (n,a, L, ¥, u, v, CONV)

valuen, a, L, F ;integer 1,, F,n ;

array &, i, v, CONV

comment The Bairstow and Newton correction formulae are
uged for asimultaneons linear and quadratic iterated synthetic
division. The cocflicients of & polynomial of degree n are given as
a; {i = 0,1, ..., n) where a, is the constant term. The coeffi-
vients are scaled by dividing them by their geometric mean.
The Bairstow or Newton iteration method will nearly always
converge to the number of figures carried, ¥, either to root
values or to their reciprocals. If the simultaneous Newton and
Bairstow iteration fails fo converge on root values or their
reciprocals in L iterations, the convergence requirement will be
successively reduced by one decimal figure. This program antici-
pates and protects against loss of significance in the quadratic
gynthetie division. (Refer to “On Programming the Numerical
Solution of Polynomial Equations,” by K. W. FEllenberger,
Commun. ACM 8 (Dce. 1060), 644-647.) The real and imaginary
part of each root is stated as ufi] and v{i], vespeectively, together
with the corresponding constant, CONV;, used in the con-
vergence test. This program has been used successfully for over
a year on the Bendix G15-1) (Intercard System) and has recently
been coded for the IBM 709 (Fortran System);

begin integeri, j,m ; array h, b, ¢,d,e[—-2m] ;

real t, K, ps, qs, pt, qt, s, rev, r

proemhim :

b
ROOTPOL IJ.,J. 1= b,z = Qo 1= Can 1= d_l =g = e_y =
€.z =0 H
for j :=Ostepluntiln doh;:=2; ; t:=1 ;
K := 10F ;
LROTEST: ifh, = (¢ then
beginu, :=0 ; vy:= 0 ; CONV,:=K ;
n:=n-—1 ; gote ZROTEST
end ;
INIT: ifn = 0 then go to RETURN ;
ps i= @8 := pt =gt 1=s5:=10
rev:i=1 ; K:=10F ;
ifn = 1 then
beginr := — hy/hy ; go to LINEAR
end ;
for j := 0 step 1 until n do
begin
if h; = 0 then s := s else s ;= s + log(abs(hj))
end ; s :=3si ;
for j := 0 step 1 until n do h; := h;/s- ;
if abs (hy/hg) < abs (hn_1/h,) then
REVERSE: begint := -t ; m := entier ((n+1)/2)
for j := 0 step 1 until m do
begin s := b; ; by = boy 5 Jay =
end
end

if q3 # 0 then

beginp :=ps ; q:= ¢s ; goto ITERATE
end

if hooz = 0 then

begin ¢ ;=1 ; p = —2

end else

beging:=b/h,: ; pi=(hea—a X hposd/Bas
end ;

ifn=2-thengotoQ.DRTIC ; =0

ITERATE:

BAIRSTOW:

BNTEST:

NEWTON:

LINEALR:

QADRTIC:

RETURN:

fori:= 1step 1 until L do
begin
for j := 0 step 1 until n do
begin bj := hj —~ p X bj.y — q X by
¢j = bj—p X ej—1 — q X ez
end ;
if n.y = 0 then go to BNTEST
if booy = O then go to BNTEST
if abs (hop-1/bpa) <K then go NEWTON
bn = hnqubn_z 3
if b, = 0 then go to QADRTIC
if X < abs (ho/b.) then go to GADRTIC
for j := 0 step 1 until n do
begind; := h; 4+ r X d;..
end ;
if dn = 0 then go to LINEAR ;
if K < abs (h,/d,) then go to LINEAR
€n_1 :=2 —p X ¢pa—qQ X Cp_a
§ 1= €p-z ~ Cnu X €n-z ;
if s=0 then
beginp:=p—2 ;
end else
begin p:i=p -+ (bnﬂl X €az— by X Cu.a}/8
q =+ (—bai X ¢ar 4 ba X €n-2)/s
end ;
ife, =0thenr: :=r-lelser :=r — d /e,
end ; ps:=9pt ; gs:=qt ; pt:=p ;
at=q ;
if rev < 0 then K = K/10 ;
go to REVERBE ;
ift <<Othenr:=1/r ; u,:=1r ; v,:=0 ;
CONV, =K ; n:=n-1 ;
forj := Osteplunitilndoh;:=d; ;
if n = 0 then go to RETURN ;
go to BAIRSTOW
if t < 0 then
beginp := p/q ; q:=1/q
end :
if0 < (g = (p/2)%) then
begin i, = Upa = —p/2 ;
8 :=sqrt (g — {p/2)%) ; Vvai=s
Vol 1=
end else
begin s := sqt ((p/2)) — q) ;
ifp<0Othenu,:= —p/2+s
elseUn := —p/2—8 ; Una 1= ¢/Un ;
Vy 1= Vo =0
end ; CONV, := CONV 41 1= K H
n:=n—-2 ;
for j := O step 2 until ndo hj 1= b; ;
go to INIT ;
end
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3 ocia= dydr X e

q:=qX{g+1)

rev = —rev ;

—8

Contributions to this department must be in the form
stated in the Algorithms Department policy statement
(Communications, February, 1960) except that ALGOL 60
notation should be used (sece Communications, May, 1960).
Contributions should be sent to J. H. Wegstein, Computa-
tion Laboratory, National Bureau of Standards, Washing-
ton 25, D.C. Algorithms should be in the Publication form
of ALGOL 60 and written in a style patterned after the most
recent algorithms appearing in this department.

Although each algorithm has been tested by its con-
tributor, no warranty, express or implied, is made by the
contributor, the editor, or the Association for Computing
Machinery as to the aceuracy and functioning of the al-
gorithm and related algorithm material and no responsi-
bility is assumed by the contributor, the editor, or the
Association for Computing Machinery in conneclion there- = |
with.
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